This study investigates hydrological responses to climatic shifts using sediment flux data derived 25 from two dated palaeolake records in southeast (SE) Arabia. Flux values are generally low 26 during the early Holocene humid period (EHHP) (~9.0 to 6.4 k cal a BP) although several short-27 lived pulses of increased detrital input are recorded, the most prominent of which is dated 28 between ~8.3 and 7.9 k cal a BP. The EHHP is separated from the mid-Holocene humid period is noted that the abrupt, short-term phases of aridity observed in both records are coeval with 35 intervals of rapid climate change globally, which triggered non-linear, widespread landscape 36 reconfigurations throughout SE Arabia. 37 38
INTRODUCTION 42
It has long been recognised that the world's low latitude regions were characterised by 43 significant hydrological changes during the Late Glacial and Holocene in response to the shifting 44 position of the Intertropical Convergence Zone (ITCZ) and associated monsoon rains (Sirocko et 45 al., 1993; deMenocal et al., 2000; Fleitmann et al., 2007; Tierney and deMenocal, 2013 ; 46 that lacustrine conditions developed at both sites during the early to mid-Holocene, during which 95 a series of pronounced changes in lake hydrology, vegetation dynamics and landscape stability 96 are recorded (Parker et al., 2004 (Parker et al., , 2006 Preston et al., 2015) . The site chronologies presented in 97 these studies were based on a relatively simple age-depth model (linear interpolation), the 98 drawbacks of which have been well documented (Telford et al., 2004; Blaauw, 2010) . Perrott et al. paper, we present a strengthened chronological framework for both sites based on a Bayesian 104 age-depth model, which in turn allows the calculation of MAR and sediment flux data against 105 which the existing palaeoclimate evidence from the region can be compared. 106
107

Environmental setting: climate and geomorphology 108
The study area is located in the northern United Arab Emirates (UAE), on the eastern margin of 109 the Arabian Peninsula (Fig. 1) . The region presently experiences an arid to hyper-arid desert 110 climate, characterised by cool winters and hot summers. While highly variable, mean annual 111 precipitation (~120 mm/year) is somewhat higher compared to coastal areas further to the south 112 (e.g. ~80 mm/year in Dubai) (Parker et al., 2006) , highlighting the significant orographic effect 113 of the al-Hajar Mountains on precipitation gradients. Precipitation is highest during the winter 114 months and is associated with MLW that originate in the Mediterranean and lead to increased 115 during the summer months as they blow from the northwest to southeast down the Arabian Gulf 118 before turning clockwise across the Rub' al-Khali (Glennie and Singhvi, 2002). The study region 119 is located to the north of the notional summer position of the ITCZ (Fig. 1) , with monsoon-120 sourced rainfall presently limited to southern margins of the Peninsula (e.g. Yemen Highlands). 121
122
The geomorphology of the northern UAE is highly varied and comprises a mixture of desert, 123 mountain, piedmont, and coastal environments (Parker and Goudie, 2008; Preston et al., 2012) . 124
The region is largely covered by Quaternary dune features belonging to the Rub' al-Khali sand 125 sea (560,000 km 2 ), which extend into the area between the Arabian Gulf coastline (west) and the 126 al-Hajar Mountains (east) (Fig. 2) . Provenance studies of the dune sands in the UAE have shown 127 that both are major sources of carbonate in the region, with the latter also contributing ultramafic 128 igneous material. Iron-rich quartz grains, derived from the Arabian continental interior, are a 129 third major component of the region's dune sands (El-Sayed, 1999; White et al., 2001; Farrant et 130 al., 2012) . A vast bajada of alluvial fans has developed where upland drainage systems emanate 131 from the mountain front (Fig. 2) . 132 133 Awafi palaeolake (25° 42' 57" N, 57° 55' 57" E; 6 m above sea level), initially revealed in the 134 1990s as a consequence of industrial quarrying, is a flat inter-dune depression (~2 km 2 ). The 135 basin is bounded by northeast to southwest trending mega-linear ridges. There are no obvious 136 surface inlets or outlets and so the basin is considered to have been hydrologically closed, with 137 its main catchment area (ca. <5 km 2 ) composed of the surrounding permeable dunes sands. The 138 7 current depth to groundwater in the region is estimated to be ≤15 m (Alsharhan et al., 2001; p. 139 206). Sediment samples for this study were collected from an exposed sequence of over 2 m of 140 stratified marls, silts and sands (Fig. 3) , immediately adjacent (<1 m) to the original section 141 analysed by Parker et al. (2004 Parker et al. ( , 2006 2001; p. 206). Sediment samples for this study were collected from a 2 x 2 m trench dug into the 149 centre of the basin using a mechanical digger (Fig. 4) . 150
151
Methods
152
Prior to sampling, the sediment sections at both sites were cleaned and logged using standard 153 sedimentological techniques. Contiguous 1 cm samples were then extracted for further laboratory 154 analysis to depths of 2.55 m and 2.14 m at Awafi and Wahalah respectively. 155 156 Mass specific, low frequency magnetic susceptibility (MS) measurements were made using a 157 Bartington MS2 meter with an MS2B sensor at 0.1 SI unit sensitivity (Dearing, 1999). Dry bulk 158 density (DBD) (g cm -3 ) was measured as the dry weight of sediment per unit volume using the 159 method outlined in Parker (1995, pp. 67-68) . Organic matter (OM) was calculated by loss-on-160 ignition (LOI) (Heiri et al., 2001) and is reported as mass in mg cm -2 a -1 . Magnetic susceptibility, 161 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 taken at 5 cm intervals and treated with 30% hydrogen peroxide to remove organic matter before 163 being soaked overnight in a solution of 5% sodium hexametaphosphate in de-ionised water. 164
Grain size distributions between 0.02 and 2000 mm were determined by laser diffraction 165 spectrometry using a Malvern Mastersizer 2000. Major element concentrations were measured 166 on bulk sediments using a Perkin Elmer Optima 3300RL ICP-AES, calibrated using single and 167 multi-element standard solutions. Sample preparation followed the wet-chemical extraction 168 procedure outlined in Engstrom and Wright (1984) and was undertaken at 2 cm intervals. to reconstruct sediment accumulation histories, and estimates sedimentation times (a cm -1 ) and 177 ages through a dated section. Sedimentation times were converted into sedimentation rates 178
(measured in cm a -1 ) by taking the reciprocal (i.e. 1/sedimentation time) (Fig. 6 ). The means of 179 the MCMC-derived age-depth models and sedimentation rate estimates were used to calculate 180 proxy flux rates (see below). 181
182
The mass accumulation rate (MAR) of sediment per sample at both sites was calculated 183 following the method outlined in Street-Perrott et al. (2007) controlled by biological productivity, together with organic matter preservation (Meyers, 2003) . 
RESULTS
205
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Arabian interior was greater at this time . (Fig. 9) . Despite the absence of speleothem evidence supporting the displacement of 316 the summer ITCZ as far as 27°N (Rosenberg et al., 2013) , isotopic analysis of early Holocene 317 groundwater samples from the Liwa and Gachsaran aquifers, UAE (23 to 24°N) suggests a 318 southerly moisture source (Wood, 2010) . Indeed, recent palaeoclimate modelling highlights the 319 potential importance of moisture derived from the African monsoon system during interglacial 320 phases (Rosenberg et al., 2013; Jennings et al., 2015) . These models estimate an annual 321 precipitation level of between 300 and 600 mm in the study region at 130 ka (Fig 3, Jennings 25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 abrupt fall in net dune accumulation rates at this time (Fig. 9) . During much of the EHHP, the 342 potential for the Rub' al-Khali dune fields to supply sediment would have been limited owing to 343 the wetter conditions, the stabilising vegetation cover (Parker et al., 2004) , and the flooding of 344 the Arabian Gulf basin (Lambeck, 1996) . Despite this, both records reveal several short-lived 345 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 at both sites more sustained between ~6.4 and 5.0 k cal a BP than at any point during the EHHP. (Fig. 9) . The contrasting 383 responses of the Awafi and Wahalah lake records suggest differential sensitivities to increasing 384 aridity, with overall higher precipitation at the former site owing to its closer proximity to the 385 mountain front. 386
387
The termination of the EHHP is widely linked to the steady southward movement of the summer 388 ITCZ from ~8.0 k cal a BP in response to declining solar insolation (Fig. 9) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 gradual trend towards dry conditions in the Arabian interior (Fig. 9) . Whilst the lake records 392 discussed in this paper show a more abrupt shift as they became disconnected from southerly 393 summer rainfall during the mid-Holocene ( warrants further investigation. Despite maximum lake expansion, vegetation cover, and overall 471 landscape stability during the EHHP, several pulses of increased detrital sediment input are 472 recorded at the study sites, the most prominent dates between ~8.3 and 7.9 k cal a BP, and are 473 suggested to reflect short-lived phases of increased aridity. The termination of the EHHP is 474 linked to southwards migration of the summer ITCZ to its present position from ~8.0 k cal a BP. 475
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